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Activity and Osmotic Coefficients of Aqueous Alkali Metal Nitrites 

Bert R. Staples 

Electrolyte Data Center, Chemical Thermodynamics Division, Center for Thermodynamics and Molecular Science, National Bureau of Standards, 
Washington, DC 20234 

A critical evaluation of the mean activity r + , and osmotic coefficients, ¢' of aque
ous alkali metal nitrites at 298.15 K is presented for the molality range from dilute to 
saturation. Osmotic coefficients were calculated from static vapor pressure measure
ments. A non-linear least-squares program was used to fit ¢ data as a function of mola
lity. Several equations describe the osmotic coefficient, the mean activity coefficient, and 
the excess Gibbs energy as a function of the square-root of molality for each salt. The 
scientific literature was covered through March 1979. 

Key words: Activity coefficients; alkali metal nitrite salts; aqueous; critical evaluation; CsN02; electrolytes; 
excess Gibbs energy, KN02, LiN02, NaN02; osmotic cocfficicntll; RbN02; lIo1utionll; IItandard rcfcn::l1~c ,.hlla; 

thermodynamic properties. 

1 c Introduction 
This correlation presents values for the activity and os

motic coefficients and the activity of water at saturation for 
the nitrites of lithium, sodium, potassium, rubidium, and 
cesium. These data were required by the Chemical Thermo
dynamics Data Center at the National Bureau of Standards 
to calculate the Gibbs energy of solution for the nitrites froin 
several sources of experimental data. 

No compilation or critical evaluation of activity--data 
for the alkali metal nitrites has been published. These salts 
are not included in recent compilations of activity and osmo
tic coefficients by Hamer and Wu [1]1 or in standard texts, 
such as Robinson and Stokes [2], Harned and Owen [3], and 
Pitzer and Brewer [4]. By means of a correlation of all exist
ing activity data on these electrolytes, the Electrolyte Data 
Center presents these values for the activity of water and the 
mean activity coefficient of the alkali metal nitrites at 
saturation. 

2. Procedures 
Detailed discussions ofthe procedures used in this eval

uation may be found in previously published works (Staples 
and Nuttall [5,6], and Staples, [7]). 

Sources of data included filcs ofthc Chcmical Thermo
dynamics Data Center (NBS), the Electrolyte Data Center 
and a computer se~rch of a commercial data base containing 
Chemical Abstracts. Chemical Condensates, and the Na
tional Technical Information System files. The extensive 
bibliography on activity data, compiled by Goldberg, Sta
ples, Nuttall, and Arbuckle was used as the main source of 
data. Literature considered extends through March 1979. 

In the literature search of the properties of the alkali 
nitrites, static vapor pressure measurement was the only ex
perimental method which provided data for activity calcula
tions. From these vapor pressure measurements, the osmotic 

I Figures in brackets indicate literature references. 
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coefficient, fjJ, and the activity of the solvent,a l , were deter~ 
mined as follows: 

B (P P) 
In(P /P) + T 0 

o RT 
(1) 

and 
1000 

¢=---lna l . (2) 
vmM( 

where MI is the molecular weight of solvent 
(MH,o = 18.6f54 g.mo1- 1

), v is the number of ions,~the 
molality (moles of solute per kilogram of water), P is the 
partial pressure of the water vapor over the solution, Po is 
that over pure water, and R is the gas constant, 8.31441 
J.mol- 1.K- I

• At T= 298.15 K we take Po = 3168.6 p~ 
(23.7665 Torr) [9], and the second virial coefficient for water, 
BT = - 992 cm3·mol- 1 from the Steam Tables [10]. Cor
rections for the non-ideality of water vapor are given by the 
second term on the right of eq (I), these corrections are, at 
most, about 0.1 % of ¢. 

For each salt, activities were correlated by means of a 
non-linear least squares procedure (Staples and Nuttall 
[.5,6]). The data were accurately described by modified 
Hamer-Wu [1] equations 

1/2 

In r -....:..-'---'---- + em + Dm2 + Em 3 + ... (3) 

¢J = 1 + Iz ±z _IA [ _ (1 + BI 1/2) + 2 lu( 1 + BI t!?) + 
B31 

1/(1 + BI 1/2] + (1/2)Cm + (2/3)Dm2 + (3/4)Em3 + ... , (4) 

and 

LlGex = vmRTlz±z-IA 
B31 

X [(2 - BI 1/2)BI 1/2 - 21n(1 + BIl/2)] 

+ (1/2)Cm + (1/3)Dm2 + (1/4) Em3 + ... , (5) 

where I is the ionic strength and equal to the molality for 
these nitrites. Parameters are tabulated for the correlating 
equations. The value, A = 1.17625 kgl/2 mol- 1/2 was used 
[5], and Iz±z_1 = 1 for all these electrolytes. 
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766 BERT R. STAPLES 
3. Sources· of Data 

A literature search [8] updated to March 1978, pro
duced few references to activity measurements of the alkali 
metal nitrites. All data found were'reported only at the tem
perature of 298.15 K. 

Static vapor pressure measurements for LiN02 solu
tions were reported by Chekhunova, Protsenko, and Vener
ovskaya [11] at 25 molalities from 0.1 to 19.90 mol.kg- t 

and by Ray and Ogg[I2] for 14 molalities, 0.3 to 20.5 
mol.kg- 1

• The values calculated from the original experi
mental data are presented in tables 1 and 2, respectively. 

Chekhunova et al. [11] also measured vapor pressures 
of RbN02 from 0.3 to 62.3 mol.kg- t (saturation) at 28 mola
lities and also at 23 molalities of CsN02 (0.1 to 36.0 
mo}.kg- 1 (sat.)). The calcvlated results are shown in tables 7 
and 8, respectively. 

Ray and Ogg [12] measured vapor pressures of 7 soIu
tionsofNaN02, 0.3 to 12.34mol.kg- 1 and Chekhunovaand 
Protsenko [13], 16 solutions, 0.1 to 12.25 mol·kg- 1

• The re
sults of my calculations based on these data are listed in 
tables 3 and 4, respectively. 

Each of these same authors ~eport vapor pressures for 
KN02 solutions, 0.2 to 31.18 mul·kg- 1 (Ray and Ogg [12], 9 
measurements) and 0.1 to 34.12 mol.kg- t (Chekhunovaand 
Protsenko [13], 17 measurements). The calculated results 
appear in tabies 5 and h. 

Data published by Ray and.Ogg and Chekhunova, .re
port the highest molality as saturated. Even though these 
authors find slightly different moralities for saturation," all 
the data were included in the correlations. Va:lues for satura
tion were selected from a combination of values given by 
these authors and the values tabulated by Linke [14]. For 
LiN02, saturation was reported [14] at a molality of 19.58. 
The average of3 values [i 1, 12, 14] is 19.9, the molality given 
by Chekhunova et al. [11]. 

'4. Correlation of Results 
Equations selected for correlating the data should apply 

over the entire range of measurements. Not only should they 
reproduce the data well, but they should take into account 
the very dilute region where they are used to evaluate the 
integral resulting from the Gibbs-Duhem equation and the 
definitions of the activity and the osmotic coefficient (Staples 
and Nuttall [5]). The Gibbs-Duhem equation provides a re-

lationship between activity coefficients which are a measure 
of solute activity, and osmotic coefficients which are a mea
stire of solvent activity. 

The equations which best describe the data for the alkali 
metal nitrites over the range of molalities from dilute to satu
rated are eqs (3-5) and the paranieters and their standard 
deviations are presented in table 9 for each salt. Values for 
the parameters of the correlating equations were determined 
by a nbn-linear least squares fit of experimental data using 
eq. (4) for vapor pressure measurements that yielded solvent 
activity. A set of parameters for eqs (3-5) was calculated by 
this method which minimizes 1: Wi IleXPtl -!calc]2 where the 
function,iexptJ = if> , and.fcalc was obtained from eq (4). The 
weight assigned is Wi' The summation extends over all ex
perimental points. 

Initially all the experimental data were weighted equal
ly and included in the fitting procedure. Data were then 
weighted zero when deviations in/(t/J, or In r) were beyond a 
reasonable value, generally 0.02 (usually more than three 
times: the standard deviation of the tit) or about 2 percent of 
the calculated value of ¢J or In r. Sometimes it was necessary 
to weight individual points zero and such points are marked 
with an asterisk in the data tables. All· other data were 
weighted one. . , ' 

The saturated solution of NaN02 was taken at the mo
lality of 12.34 [13], which agreed with 12.31 [14] and 12.25 
[12] mol·kg- I

• The molality reported for KN02 by Raya~d 
Ogg{12J, 34.3 mol.kg - I, was in agreement with others~:r4~ 12 
[1,3] and 36 mol.kg- 1 [14). The highest value appeared to be 
uncertain and was not selected. No other solubility data 
were found for RbN02 or CsN02, so the values reported by 
Chekhunova et al. [11] were used. Thus the saturation mola
lities selected were LiN02, 19.9; NaN02, 12.34; KN02, 

34.12; RbN02, 62.3; alld CsN02, 36.0 mol.kg- t • . 

Tables lO=-l4p~esent recommended values for if>, r, aw 

and .d G ex at rounded molalities up to saturation. The equa
tions (3-5) and the coefficients listed in table 9 are recom
mended for calculating the activity or osmotic coefficients 
for these salts over the concentration range from about 0.1 
mol.kg- 1 to saturation. Since there were no data available 
below 0.1 mol.kg- t the values for ¢> and r ± calculated from 
these equations for lower molalities should be used with cau
tion. However, judging from the general behavior of electro
lytes in the dilute region, the ¢> and r ± values given below 
0.1 mo}·kg- t ,appear to be reasonable. 

'l'aole 1. Lil,02 Chekhunova,protsenko,&Venerovskaya [11] 

01 (mol/kg) 

0.1000 
O.300() 
0.5000 
O.700() 

0.9000 
1. 0000 
2.0000 
3.uOOO 
4.0000 
5.0000 
[,.000 0 
7. u000 
6.0000 
'J.OOOO 

10.0000' 
11.0000 
1? • noon 
13.0000 
14. DOUO 
15.0000 
16. 0000 
17.0000 
18.0000 
19.0000 
19.9000 
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a (w) 

0.99660 
0.98991 
0.38272 
0.97553 
0.96844 
\).96504 
0.9250';) 
0.88183 
O.1l3S,7 
O. HOll 
U./U.l.4 
U.69547 
0.64999 
0.60490 
iJ.50661 
o .52912 
0.49422 
0.46182 
U.43191 
0.40531 
0.38090 
o .35tl59 
U.3387a 
0.32028 
0.30507 

0.9440 
0.9380 
0.9675 
0.0923 
0.9890 
0.9876 
1.0806 
1.1634 
1.2431 
1. 3077 
1.3650 
1. 4 3 99 
1. 4 946 
1.5507 
1. 5767 
1.6061 
1.6300 
1. 6494 
1.6643 
1.6710 
1.6743 
1.6743 
1. 668 9 
1.6632 
1. 6558 

a(w) I" 
(no correction for non-ideality) 

0.99660 
0.98990 
0.98270 
0.\17<;;0 

0.96840 
0.96500 
0.92500 
0.38170 
0.83580 
0.78990 
0.74100 
0.69520 
0.64970 
0.60450 
0.56630 
0.52880 
0.4!:1390 
0.46150 
0.43160 
0.40500 
0.38060 
0.35830 
0.33850 
0.32000 
0.30480 

0.9452' 
0.9391 
0.9687 
!1.'Hn<; 
0.9902 
0.9888 
1.0819 
1.1648 
1. 2 445 
1.3092 
1.) OG G 

1.4414 
1.4961 
1. 5522 
1.5782 
1. 6076 
1.6315 
1.6509 
1.6657 
1.6724 
1.6757 
1.6757 
1.6702 
1. 6644 
1.6570 
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Table 2. LiNO
Z Ray &. 099 (121 

m (mol/kg) a (101) ~ a(w) fIJ 
(no correction for non-ideality) 

* 0.98981 0.8573 0.98980 0.8584 0.3315* 
0.4320* 0.98622 0.8916 0.98620 0.8928 
1.1330* 0.96085 0.97S4 0.96080 0.9796 
1.3430* 0.95186 1. 0196 0.95180 1.0209 

~:~:g~: 0.89712 1.0997 0.89700 1.1010 
0.80920 1. 2344 0.80900 1. 2358 

5.7900* 0.76323 1. 2952 0.76300 1. 2966 . 
7.5300* 0.68627 1.3769 0.68800 1. 3764 
8.7600* 0.63829 1.4224 0.63800 1.4239 

12.7800* 0.49732 1.5110 0.49700 1.5184 
15.1000* 0.43231 1. 5)114 0.43200 1. 5427 
17.8200* 0.36930 1. 5515 0.36900 1.5527 
19.7700 0.33128 1.5510 0.33100 1.5521 
20.5000* 0.31727 1. 5542 0.31700 1.5554 

* Assigned a weight of zero in the correlation. 

Table 3. NaN0 2 Ray £, 099 [12 ) 

;n (rr-ol/kg) a(w) 0 a(w) fIJ 
(no correction for non-ide ali ty) 

0.3082 * 0.99031 0.6767 0.99030 0.8778 
0.4320 * o .98582 0.9177 0.985BO 0.9188 
0.6510 0.97923 0.8950 0.97920 0.8961 
1.4180 0.95446 0.9124 0.95440 0.9135 
2.9550 0.90521 0.9354 0.90510 0.9365 
6.8000 0.713671 0.9791 0.78650 0.9802 

12.3400 0.64289 0.9936 0.64260 0.9946 

Assigned a weight of zero in the correlation. 

Table 4. NaN0
2 Chenkunova Ii< Protsenko ·[13] 

m (mol/kg) a(w)· !21 a(w) fIJ 
(no correction for non-ideality) 

0.1000 0.99670 0.9162 0.99670 0.9174 
0.2000 0.99351 0.9038 0.99350 0.9050 
0.5000 0.98412 0.8886 0.98410 0.8897 
0.8000 0.97453 0.8950 0.97450 0.8961 
1. 0000 o .96804 0.9015 0.96800 0.9026 
2.0000 0.93628 0.9137 0.93620 0.9149 
3.0000 0.90411 0.9326 0.90400 0.9337 
4. 0000 0.87184 0.9516 0.87170 0.9527 
<;.ooon 0.R40n7 () Qh7~ 0."3990 0.9695 
G.OOOO o .B1149 0,9662 0.81130 0.9673 
7.0000 0.78232 0.9734 0.78210 0.9745 
8.0000 0.75424 0.9785 0.75400 0.9796 
9.0000 0.72735 0.9811 0.n710 () .9828 

lU .0000 0.70077 0.9869 0.70050 0.9879 
11.0000 0.67538 0.9903 0.67510 0.9913 
12 .. 2500 O.(;·HO·J O.9j67 0.64380 0.9977 

Table 5. KNOz Ray & Ogg [ 12 ] 

m (mol/k9) a(w) ~ a(w) rI 
(no cor rection for non-ideali ty) 

0.2345* 0.99281 0.8542 0.99280 0.8552 

0.4·960 * 0.98532 0.8276 0.98530 () .6287 

0.4700 * 0.98152 1.1013 0.98150 1.1027 

0.9390 0.97144 0.8566 0.97140 0.8577 

1. 9970 0.94247 0.8235 0.94240 0.8245 

4.6400 0.87414 0.8046 0.87400 0.6056 

9.5760 0.76523 0.7755 0.76500 0.7764 
l~.~~UU 0.011'0 O.GQJJ 0.61160 0.61'140 

31.1800 0.52002 0.5820 0.51970 0.5826 

* Assigned a weiqht of zero in the correlation. 

J. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981 
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'I'able 6. KNO 2 Chekhunova & Protsenko [13] 

m (mol/kg) a (w) 0 a(w) ~ 
(no cor rection for non-ideality) 

0.1000 0.99670 0.9162 0.99670 0.9174 
0.3000 0.99051 0.8820 0.99050 0.8831 

0.5000 0.98462 0.8604 0.98460 0.8615 
0.7000 0.97893 0.8445 0.97890 0.8455 
1. 0000 0.97004 0.8443 0.97000 0.8454 

3.0000 0.91560 0.8158 0.91550 0.8168 
5.0000 0.86275 0.8195 0.86260 0.8204 
7.0000 0.81769 0.7980 0.81750 0.7989 

10.0000 0.75773 0.7700 0.75750 0.7708 
·12.0000 0.72285 0.7506 0.72260 0.7514 
15.0000 0.67528 o .7265 0.67500 0.7272 
17.0000 0.64679 0.7114 0.64650 0.7121 

20.0000 0.61230 0.6807 0.61200 0.6814 
2J .0000 o .59~·?~ o • liS;}9 O.SB~40 O. (;5 44 

27.0000 0.54791 0.6184 0.54760 0.6190 
31. 0000 0.52082 0.5841 0.52050 0.5846 
34.1200 -0.50122 0.5618 0.50090 0.5624 

Table 7. RbN0
2 

Chekhunova, Protsenko & Venerovskaya [11] 

m (mol/kg) a{w) 0 a(w) ~. 
(no correction for non-ideali ty) 

0.3000 0.99071 0.8633 0.99070 o .8644 

0.5000 0.98482 0.8491 0.98480 0.8502 

0.7000* 0.97933 0.8283 0.97930 o .8293 

1. 0000 G.97054 0.8300 0.'31050 \} .8311 
2.0000 O. Q4777 n.AllR O.<:ad210 o . BUill 

3.0000 0.91590 0.8127 0,91580 0.8137 

4.0000 0.89062 0.8037 0.89050 0.8047 
5.0000 0.86625 0.7970 0.86610 o .798.0 

7.0000 0.81999 0.7869 0.81980 0.7878 

9.0000 0.77152 0.7760 0.77730 0.7769 

11.0000 o .74044 0.7582 0.74020 o .7590 

13.0000 0.70596 0.7434 0.70570 o .7442 

15.0000 0.67'688 0.7221 0.67660 a .722! 

T7.0000 0.64749 0.7096 0.64720 0.710::' 
19.0000 0.62300 0.6912 0.62270 0.6919 
23.0000 0.58011 0.6571 o .57980 0.6577 
27.0000 0.54431 0.6252 0.54400 0.6258 

31. 0000 0.51062 0.6018 0.51030 0.6023 
35.0000 0.47862 O. 5843 0.47B30 0.5948 

39.0000 0.44961 0.5689 0.44930' 0.5694 

43.0000 0.42391 0.5539 0.42360 0.5544 

47.0000 0.40110 0.5395 0.40080 0.5399 

51.-0000 0.37930 0.5276 0.37900 o .5280 

55.0000 0.36029 0.5151 0.36000 0.5155 

57.0000 0.35189 0.5086 0.35160 0.5090 

59.0000 0.34389 0.5021 0.34360 0.5025 

61.0000 0.33668 0.4953 0.33640 0.495 '7 
62.3000 0.33288 0.4900 0.33260 0.4904 

* Assigned a weight of zero in the correlatio". 

Table 8. CSN02 Chekhunova, Protsenko & venerovskaya [11] 

m (mol/kg.) a(w) ~ a (w) ~ 
(no correction for .non-ideality) 

0.1000 * 0.99660 0.9440 0.99660 0.9452 
0.3000 0.99051 0.8820 0.99050 0.8831 
0.5000 o .9IH~2 0.O7~7 0.90440 O.67ze 

0.7000 0.97813 0.B769 0.97810 o .8780 
1. 0000 0.96904 0.8729 0.96900 0.8740 
2.0000 0.93947 0.8664 0.93940 0.8675 
3.0000 0.91040 0.8684 0.91030 \) .ll695 
4.0000 o .B8263 0.8663 0.88250 0.8673 
5.0000 0.85616 0.8621 0.85600 0.8631 
7.0000 0.80780 0.8463 0.80760 0.8472 
9.0000 . 0.76273 0.8352 0.76250 0.8362 

11. 0000 0.72195 0.8220 0.72170 0.8229 
15.0000 0.65209 0.7911 0.65180 0.7919 
19.0000 0.59531 0.7577 0.59500 0.7594 
21. 0000 0.57081 0.7410 0.57050 0.7417 
23,0000 (} . "4111 0.1164 0.54"740 O. "721l 

25.0000 0.52792 0.7092 0.52760 0.7099 
27.0000 0.50982 0.6925 0.50950 0.6932 
29.0000 0.49332 0.6762 0.49300 0.6769 
31.0000 0.47902 0.6590 0.47870 0.6595 
33.0000 0.46682 o .6407 0.46650 0.6413 
35.0000 0.45631 0.6221 o .45600 0.6227 
36.QOOO 0.45171 0.6127 0'.45140 0.6132 

Assigned a weiqht of zero in the correlation. 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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Table 9. Paral;leters for the Correlating Equations. 

Overall 
(J 

Salt Parameter <r of the fit 

liN02 0.0057 

1.42400 0.058 

0.199194 0.0042 

D -5.53622 x 10- 3 3.7 x 10-4 

3.31054 x 10-5 1.1 x 10-5 

NaN02 0.0036 

0.9232076 0.054 

9.02846 x 10-2 0.015 

-9.69288 x 10- 3 0:003 

5.60276 x 10-4 .... --... -4 
3.0 x 10 

F -1.25644 x 10-5 1.0 x 10-5 

KNOZ 0.0048 

0.860242 
-3 

0.022 

-1.00624 x 10 0.0025 

n -4.fiR744 ~ 10-4 1.2 x 10.4 

7.41098 x 10-6 2.1 x 10-6 

RbN0
2 

0.0041 

O.7fi71"iQ7 o.nu! 
-4.47001 x 10-3 0.0021 

-7.50722 x 10-4 9.9 x 10-5 

E 1. 75653 x 10-5 2.1 x 10-6 

f -1.23804 x 10-7 1.5 x 10-8 

CsN0
2 0.0042 

1.01567 0.033 
6.16669 x 10- 3 0.00311 

-1.62993 x 10-3 3.2 x 10-4 

5.04186 x 10-5 1.2 x 10-5 

F -5.66883 x 10-7 1.5 x 10-7 

J. Phys. Chem. Re~. Data, Vol. 10, No.3, 1981 



770 BERT R. STAPLES 
'rao1e 10· LiNO ReCOf!ll11ended values of 'Y :tuna <tt at 298.15 J.( 

2 ex 

ill (mol/kg) 1'± ~G. , (J/kg) 

0.001 J. -3GS:t ;).9335 ().'.i~~~o4 

U.()02 U.9521 O. ','142 o . 'l:}9'i 29 
{) .()O3 ;'J. :1425 G .'.in1 O. '199894 
a.004 O. ;;34~ C.97B5 O. )19859 
0.005 O.92a1 0.97 (is U • ':19 9\l24 
0.006 0.'223 O. :l7q 7 0 .. 99~7C9 

(J .007 0.9171 0.9730 0.9:;\')755 
O. 003 O.H24 0.9715 0.999720 
0.009 0.9080 U.9702 0.9996:35 
() .010 iJ .':l;J40 0.')539 0.999651 

0.010 (j.904u 0.9689 ,0.99'3651 -3.5 
0.020 ().!l742 0.96uO 0.999303 -9.4 
(),O)\! 0.8543 0.9544 0.99896'J -16.6 
O.04il J.SH) O. \lS04 0.99(1631 -24.9 
0.050 [).8273 0.9474 O. <J9i!295 -33.9 
U.060 ().8174 0.9451 0.997959 -43.7 
U.070 0.801;9 O. :1432 0.997624 -53.9 
I.) .080 0.8015 0.'.lUS o .9972a9 -64.7 
0.0)0 0.7950 0.9406 0.996955 -75. (\ 
l,).lOO u.7893 0.9397 0.9%620 -87.4 

0.1 u.7893 U.9397 0.996G2 -87.4 
0.2 0.7545 0.9375 0.99327 -217.5 
0.3 0.7388 0.9413 0.96988 - 361.0 
0.4 11.7315 0.9475 \).93644 -515. S 
o. s 0.7239 0.9548 0.98295 -671.9 
0.6 0.7293 0.9629 0.97940 -a2S!.7 
0.7 0.7317 0.9713 0.97530 -984.5 
tJ .8 iJ. 7357 0.9800 0.97215 -1138.1 
0.9 0.74Q9 0.9889 0.96844 -128D.5 
1.0 0.747,1 0.9979 0.96468 -1435.2 

l.() 0.7471 0.9979 0.96468 -1435.2 
2.0 0.8391 1.0878 0.92461 -2609.8 
).0 U.9617 1.1723 0.88098 -3144.] 
4.0 1.1040 1.2500 0.33514 -2995.0 
5.0 1. 2 625 1.3206 0.78827 -2169.6 
0.0 1. 434tl 1. 3844 0.74135 -694.0 
LG l.hUHl 1.a 414 ""(,'1,>'1 1191'1, '2 

8.0 1.8121 1.4919 ().65049 4069.2 
9.0 2.0120 1. 53&0 0.60770 7279.3 

10.0 2.2156 1.5739 0.5&718 10987.8 
11.0 2.4197 1.6058 0.52918 15153.7 
12 .;) 2.6209 1. 6318 0.49334 19736.1 
13 .0 2. .8159 1.6521 U.46123 24694.3 
14,0 J.OOll 1. 6669 0.43134 29983.3 
15.0 3.1733 1.6763 0.40414 35518.4 

" H; 0 3.3293 ""1,6806 {} .37953 41425.7 
17.0 3.4666 1.'6797 0.35742 4"7492.2 
IB.O :J .5827 1.6739 0.33769 53740.4 
19.0 3.6758 1.6634' Q.32022 60B3.8 

(sat.l 19.9U 3,7389 1. 6500 0.30633 65982.5 

Table 11· ~aN02 Recommended values of "f:tand ~ at 298.1S K 
ex 

Jl (mol/kg) "1± \\I AC (J/kg) 

0.001 0.9646 0.9882 0.999964 -0.1 

0.002 03509 0,9836 0.999929 -0,3 

0.003 0.940B 0.9802 0.999B94 - 0.6 

0.;)04 tl.9325 0.9774 0.999859 -0.9 

0.005 0.3253 0.9750 0.999824 -1.3 
0.006 0.9190 0.9729 0.999790 -1.7 
/j ./jOI n.9lJ3 n,<n11l 1\ QQc\lt;<; -? _ 1 

o,ooa o .9081 0,9693 0.999721 -2.6 

0.009 0.9033 0.9676 0.999686 -3.1 

O. 010 0,8981\ ' 0,9662 0.999652 - 3.6 

Q .010 U.89gS 0.9662 0.999652 -3.6 

O. 020 ,) .8648 0.9549 0;999312 -9.'.1 

0.03J 0.8413 0.9471 0.998977 -17.8 

0.040 0.6230 0.9412 0.99&644 -21.0 

0.050 O.SO/9 O. ')363 0.9913315 -37.1 

O. 060 O.795() 0.9323 0.997987 -48.1 

(J .070 0.7838 0,9288 0.997660 -59.8 

\).080 0.7739 0.9257 0.997335 -72.2 

0.090 0.7649 0.9230 0.997011 -B5.2. 
0.100 1l.7:ivQ o.nOG O.99GvJl!) !)$. a 

0.1 o .156~ 0.9206 0.99669 -98.S 

0.2 o .?(llS 0.9055 0.99350 -257.4 

0.3 0.6697 0.8985 0.99033 -445.3 

0.4 0.6478 0.8950 0.98718 -652.7 

0.5 0.6317 0.8934 0.981103 -374.5 

0.6 0.6193 o .B930 O.980BO -1107.3 

0.7 0.6094 0.8934 0.97772 -1349.1 

o .S 0.6014 0.B944 0.97455 -1598.0 

0.9 0.5948 0.8957 0.97137 -1852.9 

1.0 0.5893 0.6973 0.9691:) -2112.9 

1.0 o .5!l93' 0.8913 o .96B19 -2112.9 
2,() 1).5637 I.) .~115l) U .9j5::l~ -Q>:I7U.l 

3.0 0,5579 0.9371 0.90366 -7744.6 

4.0 (J.5572 0.9518 0.87182 -10642.9 

5.0 u.5577 0.9623 0.840133 -13540.6 

6.0 0.5584 0.9698 0.810S7 -16432.4 

7.0 0.5591 0.9751 0.78196 -19318.1 

tLO 0.5597 O.,}7'.)) 0.754013 -HH8.3 

~ .0 0.5605 0.9829 0.72706 -25072.3 

10.0 1).5616 0.986S 0.70087 -27938.1 

11.0 0.5630 0.9902 0.67541 -30792.8 

12.0 0.5648 0.9940 0,65066 -3363).4 

(sat. ) 12 .. 34 u.5654 0.9952 0.64254 -34581.4 
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ACTIVITY AND OSMOTIC 

Table 12. K1I;) 
2 

Ire (mol/kg) 

0.001 
0.002 
() .003 
0.004 
O. iJ05 
O. DOG 
0.007 
Q. (JOll 
0.u09 
0_ nl 0 

O. ula 
iL02Q 
Q.030 
\J .040 
0.050 
0.060 
U.070 
;) .OUO 
0.090 
iJ.100 

0.1 
0.2 
0.3 
U .4 
U-.5 
0.5 
0.7 
v.:l 
.) .. , 
l.G 

1.0 
2.0 
J.0 
L,) 

6. Ll 
? \J 

'LU 
':l.0 

lU .0 
11.0 
12.0 
13.0 
14.0 
15.0 
16. (; 
17 .0 
!S.U 
l'~ .0 
20.0 

~ '0. ~I 

:n .u 
2J .U 
2~. J 
JJ .0 
Jl.() 

32. iJ 
n.l) 

34. tJ 
(zat.) 34.l~ 

COEFFICIENTS OF AQUEOUS 

Recommended values of "Ytand <D at 298.15 K 
eX 

'Y:t AG lJ/kg~ 

0.9644 
0.'1506 
0.9403 
0.9318 
u.9245 
o .9180 
0.)121 
U .~067 
0.9018 
11 R<l71 

u.il971 
\l.S6lS 
U.8369 
0.9174 
v.8012 
0,7fJ72 
0.7750 
u.7&40 
U.7541 
0.7-150 

0.7430 
0.5315 
0.6422 
0.6138 
u;s-ns
(J .5738 
O.55G7 
u .5457 
\} • c; 3 ~l iJ 

\J. 5243 

0.52<\3 
,1.4600 
iJ.4256 
\J .4011 
.". )J:.!) 

i.J.36;:;\i 
".35J() 
1l.3403 
O. J2:'l1l 
0.3195 
1i.3100 
0.3000 
I) .292 4 
0.2343 
0.2765 
u.2691 
0.2620 
0.2:'52 
0.2430 
lJ. 242~ 

0.9831 
0.9834 
0.9799 
0.9771 
o .9746 
0.9724 
0.9704 
0.9695 
0.9668 
n _ QC;<;3 

0.%53 
0.9531 
0.9446 
0.9379 
0.9323 
0.9275 
IJ.n33 
0.9195 
0.9161 
0.9130 

(;',. :\4}~ 
U. 3204 
lJ.~2n 
\}/113 ~ 
;) ,'),;) 77 

:.i. ')011 
U. H47 
0.71175 
0.7800 
0.7720 
0.7637 
0.7551 
tJ. 7463 
0,7372 
0.72'30 
iJ.71% 
O. 7J ~2 
G. G'i'lll 
1l.6104 
O. (i:-Hil 

0.999964 
0.999929 
0.999894 
0.999859 
0.999824 
0.999790 
0.999755 
0.999721 
o .9996B7 
n .9<\9652 

0.999652 
0.;>99313 
0.998979 
0.998649 
o .99S322 
0.997997 
0.997674 
0.997:>53 
0.997034 
0.9%716 

1i.99572 
0.99360 
v.99055 
0.9'3754 
0.93457 
0.93153 
0.97871 
0.975')1 
a ~7?V 
(1.97;)05 

J.'n005 
0.94205 
o. ~ 1316 
v.l')",)) 
,) .. .J6·152 
J.H:»)3 
O.Hu3., 
O.79G'H 
0.77652 
0.75715 
O.733H2 
0.72145 
0.70501 
t) .6B91\5 
0.67473 
O.660Bl 
ll.G4764 
0. (i35 1S 
il.62337 
iJ.61219 

-0.1 
-0.3 
-0.6 
-0.9 
-1.3 
-1.7 
-2.2 
-2.6 
-3.1 
-3.7 

-3.7 
-10.1 
-IS .2 
-27.7 
-38.2 
-49.6 
-61. 9 
-74.'1 
-88.5 

-102.8 

-102.'3 
-272 .7 
-4n .3 
-70'1.5 
-950.9 

-1228.9 
-1511.0 

, -lH::l5. <; 
-7111 1 
-2426.6 

-2 l\2& .. 6 
-5~1!H.7 

-10032.1 
-14419.S 
-1 ?070. S 
-23944.0 
-29014.4 
-34'2.6:'.0 
-39683.1:3 
-45262.6 
-S0994.S 
-56!l7S.6 
-62901.0 
-69067.g 
-75372 .9 
-81814.1 
-S(lJR9.0 
-~sn"5.4 

-101931. 3 
-lOS394.7 

NITRITES 771 
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772 BERT R. STAPLES 

'l'ablc 13. RbN0
2 

Recorr,l1ended values of 'Y±and 41 at 298.15 K 
ex 

IT. ( mol/kg) ..,'± llG (J/k'l) 

0.001 0.9643 0.9880 0.999964 -0.1 

0.002 0.9504 0.9333 0.999929 -0.3 
0.003 0.9400 0.9798 0.999894 -0.6 
0.004 0.9315 0.9769 0.999859 -0.9 

0.005 0.9241 0.9744 0.999824 -1.3 
0.006 0.9176 Q.9721 0.9»9790 -1.7 

0.007 0.9116 0.9701 0.999755 -2.2 

0.008 0.9062 6.9682 0.999721 -2.6 
0.009 0.9012 0.9665 0.999687 - 3.1 
0.010 0.8965 0.9649 0.999652 -3.7 

0.010 0.6965 0.9649 0.999652 -3.7 
0.020 0.8606 0.9525 0.999314 -10.2 
0.030 0.8353 0.9437 0.998980 -18.4 
0.040 0.8154 0.9367 0.998651 -27.9 
0.050 0.7987 0.9309 0.998324 -38.6 
0.060 0.7844 0.9259 0.998000 -50.2 
0.070 0.7718 0.9214 0.997679 -62.6 
O.OBO 0.7605 0.9175 0.997359 -75.8 
0.090 0.7503 0.9l39 0.997041 -89.7 
0.1011 0.7410 0.9106 0.996.725 -104.3 

0.1 o .7410 0.9106 0.9%72 -104.3 
0.2 0.6753 0.8876 0.99362 -277.8 
0.3 0.6344 0.8736 0.99060 -488.8 
0.4 0.6048 0.8636 0.98763 -726.7 
0.5 0.5018 0.8561 O. 9B 470 -985.9 
0.6 0.5630 0.8500 0.98179 -1262.8 
0.7 0.5472 0.8451 0.97891 -1554.8 
0.8 0.5337 0.8410 0.97605 -1860.0 
0.9 0.521B 0.8374 0.97321 -2177.0 
1.0 0.5113 0.8344 0.97038 -2504.7 

1.0 0.5113 0.8344 0.97038 -2504.7 
2.0 ().4450 0.8167 0.94285 -6210.9 
3.0 0.4088 0.8079 0.91637 -10448.5 
4.0 0.3840 0.8016 0.89090 -15044.9 
5.0 0.3651 0.7959 ' 0.86642 -19919.0 
6.0 0.3496 0.7903 0.84295 -25024.3 
7.0 0.3364 0.7845 0.82049 -30332.0 
B.O 0.3247 0.77 83 0.79904 -35822.5 . 
9.0 0.3141 0.7718 0.77859 -41482.2 

10.0 0.3045 0.7649 0.75912 -47301.0 
11.0 0.2955 0.7577 0.74059 -53271.4 
12.0 0.2871 0.7502 0.72299 -59387.7 
13 .0 0.2791 0.7424 0.70627 -6::;64::; .0 

14.0 0.2716 0.7345 0.69039 -72039.6 
15.0 0.2644 0.7264 0.67532 -78568.1 

16.0 0.2576 0.7181 0.66101 -85227.7 
17 .0 0.2511 0.7098 0.64742 -92015.8 
18.0 0.2448 0.7014 0.63451 -98930.0 
19.0 0.2389 0.6930 0.62223 -105968.0 

20.0 0.2331 O. 6B 4 7 0.61055 -113127.6 

21.0 0.2276 0.6764 0.59941 -120406.5 
22.0 0.2224 0.6682 0.58878 -127802.7 
23.0 0.2173 0.6602 0.57862 -135313.9 
24.0 0.2125 0.6523 0.56889 -142937.8 
25 _ 0 0.2079 0.6116 0.55956 150672.4 

26.0 0.2034 0.6371 0.55057 -159515.2 
27.0 0.1991 0.6298 0.54191 -166464.0 
28.0 0.1951 0.6227 0.53354 -174516.3 
29.0 0.1912 0.6159 0.52543 -182669.9 
30.0 0.1874 0.6094 0.51754 -190922.2 
31.0 0.1839 0.6031 0.50986 -199270.8 
32.0 0.180" 0.5971 0.50235 -207713.2 
33.0 0.1772 0.5914 0.49500 -216247.0 
34.0 0.1741 0.5860 0.48778 -224869.8 
35.0 0.1712 0.5809 0.48068 -233578.9 
36.0 0.1683 0.5761 0.47368 -242372 .1 
37.0 0.1656 0.5715 0.46676 -251246.8 
38.0 0.1630 0.5673 0.45992 -260200.8 
39.0 0.1606 0.5633 0.45315 -269231.6 
40.0 0.1582 0.5595 0.44645 -278337.2 
41.0 0.1559 0.5561 0.43980 -287515.2 
42.0 0.1538 0.5528 0.43321 -296763.7 
43.0 0.1517 0.5497 0.42669 -306080.7 
44.0 0.1497 0.5468 0.42023 -315464.3 
4::;.0 0.1476 0.:H'I1 0.4136::> -jLQ':llL.t! 

46.0 0.1459 0.5416 0.40756 -334424.7 
47.0 0.1441 0.5391 0.40136 -343998.4 
48.0 0.1424 0.5367 0.39527 -353632.9 
49.0 0.1407 0.5343 0.38932 -363327.0 
50.0 0.1390 0.5320 0.38352 -373079.9 
51.0 0.13 74 0.5296 0.37789 -382890.8 
52.0 0.1358 0.5271 0.37245 -392759.5 
53.0 0.1343 0.5246 0.36724 -402685.7 
54.0 0.1327 0.5218 0.36229 -412669.5 
55.0 0.1312 0.5189 0.35762 -422711.3 
56.0 0.1296 0.5157 0.35326 -432811.6 
57.0 0.1281 0.5122 0.34927 -442971.4 
59.0 0.1265 O. SOIl) 0.34567 -453192.0 

59.0 0.1249 0.5040 0.34252 -463474.8 
60.0 0.1232 0.4992 0.33985 -473821. 8 
61.0 0.1216 0.4939 0.33773 -484235.2 
62.0 0.11::'19 0.4880 0.33620 -494717.7 

(sat. ) 62.30 0.1193 0.4860 0.33587 -497G76.3 

J. Phys. them. Ref. Data, Vol. 10, No.3, 1981 



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS NITRITES 773 
TaD Ie 14. C S,~cJ2 ReCOIT;inenJed val ues of y + and <%I 3!t 29 B. 15 ,; 

- ex 
j;' lu",cl/kg) T ± tl.C (J/kgl 

u.OOl iJ.9646 
0.002 0.9509 
O. 003 0.940H 
J. 00 4 0.9325 
o .OOS (1.C,254 
(J.006 0.9190 
O. 007 0.9133 
(J. 00i:! a .9081 
C.IlO9 O. j033 
O. ala J.89'38 

C • (JIll 0.8908 
0.020 (J. DG47 

0.030 J.8411 
0.040 0.8226 
0.050 0.3073 
0.060 0.7942 
0.070 u.7:32:] 
O. iiilO 0.7726 
0.0';10 J.7634 
(J .10u U.7551 

(} .1 ;;.7551 
U.2 u.5~73 

U. J C.6621 
0.4 0.6371 
u. :> u. ;>1./;;1 
;). (; j. :;024 
0.7 0.5;:1)5 
{) .:-J 0.5785 
0.9 O.5;>B9 
1.0 J. 5 605 

1.0 0.5505 
2.') O.5U!l4 
:>.0 0.4804 
LJ (i.4610 
5.0 Q. 4457 
6.0 u.4327 
7.0 J.4211 
a.o J.4104 
9.0 0.4003 

10.0 0.39U7 
n.v u.3J15 
12 .u I]. 3716 
13.J u.36H 
14.0 O. 3S S~ 
15. U 0 .. 3473 
lb. J O.34Cl 
17. J U .3320" 
18. U 0.32S4 
B.O ".3lil5 
20. (; O.3IB 

21.0 J. 30 55 
22.il 0.2993 
23.0 0.2933 
24.0 0.2876 
25.0 0.2;320 
26.0 0.2706 
27.0 0.2714 
2tl.O (j .2653 
29.0 v.2612 
30.0 (j .2503 
31.0 0.2514 
32.0 0.2465 
33.0 u.2416 
34.0 0.2366 
35.0 0.2316 

I sat.) 35.00 0.2265 

Parameters required for fitting the data to the equations 
and their standard deviations have been summarized for all 
salts in table 9. The standard deviations of fit ranged from 
0.003 to 0.006. 

Figures 1-5 are graphs for the five alkali metal nitrites 
of the experimental 4> values versus molality and the 
smoothed curve. In the case of LiNOz, two significantly dif
ferent curves could be chosen to describe the two sets of data. 
Figure 1 shows the contrast between the two sets of data. 

A somewhat arbitrary choice was made in favor of the 
vapor pressure measurements of Chekhunova et al. [11], 
based on the following reasons. At the lower concentration, 
the Ray and Ogg [12] measurements showed a wide scatter 
and also showed no increase in the osmotic coefficient in the 
dilute region, where t/> would be expected to approach a value 
of 1 according to theory. The data of Chekhunova did show a 
minimum near 0.2 mol.kg- 1 while the data or Ray and Ogg 
did not. In addition the Ray and Ogg data appears to in
crease slightly at saturation, where another minimum would 

O. ')882 0.999964 -0.1 
0.9836 0.999929 -0.3 
O. ')302 0.999894 -0.6 
0.9774 0.999859 -0.9 
().9750 0.999824 -1. 3 
0.9729 O.9q:}790 -1.7 
0.9710 0.999755 -2.1 
0.:;) 69 3 0.'199721 -2.6 
0.9676 0.999636 -3.1 
0.9661 0.9<)9652 -3.6 

0.9061 0.999652 -3.6 
o. J~-40 o .9!>9312 - ') .~ 

0.9469 0.998977 -17.8 
0.9409 0.998645 -27.0 
().9359 0.999315 -37.2 
0.9316 0.997938 -13.2 
Ii. 927 ') 0.997662 -SO .0 
0.9247 0.997338 -72 .4-
U. 9218 0.997015 -85.5 
0.9191 0.9966'34 -q') .2 

tJ.9191 O.996G9 -99.2 
0.9016 0.99352 -260.0 
u. 8 918 0.99041 -452. J 
0.3954 0.98732 -5G6 .. 6 
U .:l:lU:; U.'H1Qlo -IJ"J'J .0 
0.3775 0.90121 -1145.1 
0.374 '.> O.'l7Hg -13.99.9 
0.3729 0.97"15 -1666.7 
0.'3712 0.97214 -1942.3 
(;'~370;) 0.%914 -2225.7 

O. '~?oJ iJ O. %911 -2225.7 
0.3646 0.93')59 -5366.4 
0.3632 O.Hon -3'370.5 
lI.3616 0.38323 -12612.1 
0.85')1 0.356G'2 -16537.1 
0.8555 0.33115 -20617.7 
o. a 50~ 0.30635 -24£138.6 
0.8454 0.78374 -29190.5 
0.9391 0.76178 -33G67.7 
0.0321 0.74095 -3B266.i1 
O. a 246 0.72122 -42')R5.2 
C.H66 0.70251 -471.121.1 
J.IHHl4 0.53479 -52773.1 
0.7'),)', 0.66733 -57339.i) 
0.7312 \) .. G5205 -63019 .il 
0.7326 O.636~0 -68311.9 
0; 773"''} "" 0.62250 -73714 .5 
0.7652 0.60a79 -7')226.Q 
0.7557 0.59571 -34g44.9 
0.7482 0.58322 -90569.4 

0.7399 0.5712 q -95B7.7 
0.7318 0.55985 -10232'1.2 
0.7233 G.54391 -108359.2 
0.7159 0.53844 -1l44n9.1 
0.7081 0.52341 -120716.4 
0.7004 0.51884 -127040.0 
() _ hq27 n _ 'iOQ71 -11311C;Q 9 
0.6850 0.50104 -139972.4 
4.6771 0.49286 -146580.4 
0.6691 0.48519 -153283.0 
0.6607 0.47807 -160080.9 
0.6520 0.47155 -166975.4 
0.6427 O.4G569 -173968.4 
0~6329 0.46058 -181062.5 
0.6222 0.45628 -188261.0 
0.6106 0.45292 -195568.0 

not normally be expected. Thus the vapor pressure measure
ments of Ray and Ogg were assigned a weight of zero in this 
correlation. An overall standard deviation, a, of 0.006 was 
obtained using a 4-parameter equation (4) for LiN02 · 

The agreement between those two laboratories was bet
ter for the NaNO, data, shown in figure 2 than for the LiN02 

data. The two points for the most dilute solutions from Ray 
and Ogg [12] were weighted zero because of the large scatter 
in their data below 0.5 mo}.kg- 1• It appears that Chekhun
ova and Protsenko may have performed the 8 measurements 
below 5 mol.kg-} and the 7 measurements above as separate 
sets. The u = 0.004 for the fit of the NaN02 data is still quite 
good however. If the two higher data points at 5 and 6.8 
mol.kg- 1 are omitted fromthe correlation so that a smooth
er curve is obtained, a a of 0.002 is observed. 

The K, Rb, and Cs salts appear to exhibit an anomalous 
behavior (shown in figures 3-5) where an inflection in the 
values of cjJ as a function of molality occurs below 5 
mol.kg- l . Generally the value of cp (or r ± ) increases for 
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774 BERT R. STAPLES 
most salts as the saturated solution is approached. There is 
only a single set of experimental data for Rb and Cs nitrite 
which shows this behavior [11], but a confirming set of mea
surements [12] for KN02 appears to verify this observation. 

The parameters and standard deviations for the nitrite 
salts of Li, Na, K, Rb, and Cs appear in table 9. Again the 3 
points of Ray and Ogg [12] for KN02 in the mUlSt dilute 
region showed wide scatter and were weighted zero. Similar
ly, measurements in two dilute solutions of the RbN02 and 
CsN02 data of Chekhunova et al. [11] were weighted zero 
because of the apparent unreliability at the low end of the 
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1.12l 
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concentration range where. vapor pressure measurements 
have a larger experimental uncertainty. Again, the osmotic 
coefficients are shown as a function of molality for K, Rb, 
and Cs nitrite in figures 3,4, and 5, respectively. 

Figures 6 through 10 show graphs of the deviations of 
the observed values of r/> for 1--i, Na, K, Rb, and Cs nitrite 
salts, respectivdy, from the values \,;akulated at the observed 
concentrations (experimental minus calculated). 

The family of curves for the osmotic and mean activity 
coefficients and the excess Gibbs energy as afunction of mo~ 
lality, are illustrated in figures 11, 12, and 13, respectively. 
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FIGURE 2. Experimental osmotic coemcient vs molality: NaN02: 
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FIGURE 7. Deviation plot: (experimental - calculated) osmotic coefficient 
vs molality: NaN02• 
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